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(57) ABSTRACT 

A method for monitoring the condition of an industrial robot 
having a plurality of links movable relative to each other, and 
a plurality of actuators controlling the movements of the 
links. A feed forward torque is calculated for at least one of 
the actuators based on reference values for the position of the 
actuator and a mathematical model of the robot calculating a 
feedback torque for the actuators based on measured values 
from the actuators and reference values for the position of the 
actuator. A torque is calculated for the actuator at least based 
on the feedback torque. A difference is monitored between 
the calculated torque for the actuator and the feed forward 
torque. It is determined whether the difference is normal or 
non-normal, and based thereon monitoring the condition of 
the robot. 

12 Claims, 5 Drawing Sheets 
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METHOD AND DEVICE FORMONITORING 
THE CONDITION OF AN INDUSTRIAL 

ROBOT 

TECHNICAL FIELD 

The present invention is concerned with monitoring the 
condition of an industrial robot. The invention is particularly 
useful for monitoring malfunction of the robot. 

BACKGROUND ART 

An industrial robot comprises a manipulator and a control 
system. The manipulator comprises links movable relative to 
each other. The links are different robot parts such as a base, 
arms, and a wrist. Each joint has joint components such as a 
motor, motor gears and motor bearings. Actuators, such as 
motors, drive the movements of the manipulator. The control 
system comprises one or more computers and drive units for 
controlling the manipulator. The position and speed of the 
links are controlled by the control system of the robot that 
generates control signals to the motors. The control system 
includes a path planner adapted to calculate reference values 
for the position of the actuators. The drive units are adapted to 
calculate reference values for the torques of the actuators. The 
drive unit is provided with a feedback loop calculating a 
feedback torque for the actuator based on measured position 
values from the actuator and the position reference values 
from the path planner. The drive units are adapted to calculate 
the reference values for the torques of the actuators based on 
the feedback torque from the feedback loop. In order to 
improve the control of the actuators, some drive units are 
further provided with a feed forward loop calculating a feed 
forward torque for the actuator based on the position refer 
ence values from the path planner and a mathematical model 
of the robot. In those cases, the control units are adapted to 
calculate the reference values for the torques of the actuators 
based on the feedback torque from the feedback loop as well 
as on the feed forward torque from the feed forward loop. 

Industrial robots are used in industrial and commercial 
applications to perform precise and repetitive movements. It 
is then important for a faultless functionality of the robot that 
the industrial robot is performing according to its nominal 
performance, which means that the links have to be in good 
condition and perform together in an expected way. 

However, it is difficult to detector determine if an industrial 
robot is not performing according to its nominal performance. 
The operator, Such as a service technician, has to rely on what 
he sees and on information from the control system about the 
performance of the robot, Such as the position and speed of the 
motors taken from readings on sensors on the manipulator. 
The operator then analyses the present condition of the robot 
based on his personal experience resulting in a varying diag 
nosis due to Subjective measures. In many cases the operator 
analysing the present condition and performance of the robot 
also needs to evaluate information from different sources, 
Such as different motors at the same time or external condi 
tions in the facility where the robot is located or is even faced 
with an emergency stop. To find the cause of a failure the 
operator may have to try different hypotheses and it is there 
fore time consuming and often results in long stand-still peri 
ods for the robot causing huge costs. 
Due to frequent personal rotation today, operators of robot 

service technician staff do not have sufficient experience to 
diagnose and isolate a failure in performance of the robot. 

It is desirable to attain a simple method to diagnostic the 
present performance or condition of the robot. 
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2 
JP62024305 discloses a method for detecting servo abnor 

mality of an industrial robot. The method includes monitoring 
the deviation between the reference value of the position of an 
actuator of a drive source and present values of the position of 
the actuator and based thereon detect servo abnormality. This 
method supervises the control error, i.e. the difference 
between the reference position and the measured value of the 
position in order to detect abnormalities. A disadvantage with 
this method is that the control error has large natural varia 
tions, for example due to changes in the position reference 
values, which are not caused by an error in the robot perfor 
mance. Abnormalities due to wear of the drive components, 
Such as the motors, motor gears, motorbearings and axes, and 
brakes, causes Small and slow changes in the control error. 
Accordingly, it is difficult to detect changes in the control 
error due to wear in the drive components. 

SUMMARY OF THE INVENTION 

The aim of the invention is to provide an improved method 
to automatically monitor the condition of an industrial robot. 

Such a method comprises: calculating a feed forward 
torque for at least one of the actuators based on reference 
values for the position and/or for the velocity of the actuator, 
and a mathematical model of the robot, calculating a feedback 
torque for the actuators based on measured values from the 
actuators and said reference values for the position of the 
actuator, calculating a reference value for the torque of the 
actuator based on said feed forward torque and said feedback 
torque, monitoring the difference between the reference value 
for the torque of the actuator and the feed forward torque, 
determining whether the difference is normal or non-normal, 
and based thereon monitoring the condition of the robot. 
The calculated feed forward torque is an expected torque 

due to dynamic and/or kinematic forces on robot parts. Such 
as forces on the arms of the robot due to gravity and inertia. 
According to the invention, the difference between the refer 
ence values for the torque of the actuator and the feed forward 
torque from the feed forward loop is monitored in order to 
detect non-normal changes due to malfunction of the robot. 
For example, it is possible to detect deviation trends in ampli 
tude distribution and/or detect deviation trends in frequency 
distribution and thereby recognize mechanical problems. By 
subtracting the feed forward torque from the reference torque, 
normal variations in the reference torque, for example, due to 
known dynamic and kinematic behaviours of the robot, are 
reduced. Thereby, the sensitivity for detecting non-normal 
changes is considerably increased and accordingly the moni 
toring of the robot is enhanced. 

According to an embodiment of the invention, the calcu 
lated feedback torque, which is the same as the difference 
between the reference value for the torque and the feed for 
ward torque, is monitored and it is determined whether the 
feedback torque is normal or non-normal. 

According to an embodiment of the invention, the differ 
ence between the reference value for the torque of the actuator 
and the feed forward torque is calculated by Subtracting a 
calculated feed forward torque from the calculated reference 
value for the torque. The calculated difference is monitored. It 
is not required to use the same feed forward torque for con 
trolling the actuators as for monitoring the condition of the 
robot. On the contrary, it can be an advantage to use a more 
complete model for monitoring the robot than for controlling 
it. For example, it is possible to calculate two different feed 
forward torques; a first feed forward torque, calculated based 
on a first model of the robot, which is used for calculating the 
reference values, and a second feed forward torque, which is 
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calculated based on a different model of the robot, which is 
used for monitoring the robot. For example, the first calcu 
lated feed forward torque is calculated based on a model of 
the robot, which does not considerall weaknesses of the robot 
arms, and the second feed forward torque is calculated based 
on a model of the robot, which does consider torques due to 
gravity forces on the robot arms. 

In another embodiment of the invention, said monitored 
condition of the robot is wear of the driving components. The 
driving components comprise at least the mechanical units: 
motors, motor gears, bearings, axes, and brakes. This makes 
it possible to detect wear of the motors, motor gears, motor 
bearings and axes, and brakes. Further by determining wear 
of the driving component the need for service may be pre 
dicted. 

In another embodiment of the invention a deviation param 
eter is calculated based on the difference between the refer 
ence value for the torque and the feed forward torque, which 
parameter is a measure of the condition of the performance of 
the robot. This is an advantage because it makes it possible to 
monitor the parameter and react on changes in the parameter. 

Other advantageous features and advantages of the inven 
tion will appear from the following description. 

BRIEF DESCRIPTION OF THE DRAWINGS 

The present invention will be described in more detail in 
connection with the enclosed schematic drawings. 

FIG. 1 shows an industrial robot comprising a manipulator 
and a control system according to an embodiment of the 
invention, 

FIGS. 2a-b show block diagrams illustrating examples of 
control loops for controlling an actuator of the robot, 

FIG. 3 shows a block diagram illustrating a device for 
monitoring malfunction of an industrial robot according to an 
embodiment of the invention, 

FIG. 4 shows a flow chart illustrating a method for moni 
toring malfunction of an industrial robot according to an 
embodiment of the invention, and 

FIG. 5 shows an example diagram viewing how a deviation 
parameter may vary over time. 

DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

FIG. 1 shows an industrial robot 1 comprising a manipu 
lator 2 and control system 3. The industrial robot 1 has a 
plurality of links movable relative to each other about a plu 
rality of joints 4a-c. The links shown in FIG. 1 are rotatable in 
relation to each other around an axis of rotation. Other types 
of robots have links that are linearly movable relative each 
other. The links are in this case robot parts, such as a stand 5a, 
robot arms 5b-d, and a tool holder 5e. The industrial robot 
comprises a plurality actuators 6a-c for controlling the posi 
tion and speed of the links. Each actuator is connected to a 
drive unit 29a-c for generating control signals to the motor. In 
this embodiment the drive units are located in the control 
system. However, it is also possible to locate the drive units on 
the manipulator, close to the actuator. The actuator comprises 
driving components such as, for instance, motors, motor 
gears, bearings, axes, brakes. 

Each joint of the manipulator is provided with a sensor 8a-c 
detecting the position of the joint. Signals from the sensors 
8a-c are transmitted to the control system 3. The control 
system 3 thereby receives signals comprising measured data 
P. The measured data comprises, for instance, joint angular 
position, joint Velocity, and joint acceleration. 
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4 
The control system 3 comprises, in this case, a logic unit 

24, and a memory means 26 for storing control programs 
including movement instructions for the robot, a program 
executer 27 for executing the movement instructions, a path 
planner 28 for planning robot paths, and drive units 29a-c for 
generating torque reference signals T, to the motors. The 
path planner 28 is planning the robot paths and further gen 
erating joint reference values to the drive unit 29a-c. The joint 
reference values, for example, represent reference values for 
positions and velocities of the joints. The path planner 28 
generates the joint reference values based on movement 
instructions from the robot program and a mathematical 
model of the robot. During operation of the robot, the pro 
gram instructions are executed, thereby making the robot 
work as desired. The drive units 29a-c are controlling the 
motors by controlling the motor torque and the motor position 
in response to the joint reference values from the path planner 
28. The logic unit or computing unit comprises a micropro 
cessor, or processors comprising a central processing unit 
(CPU) or a field-programmable gate array (FPGA) or any a 
semiconductor device containing programmable logic com 
ponents and programmable interconnects for performing the 
steps in a computer program. The control system 3 further 
comprises a monitoring device 35 according to an embodi 
ment of the invention. 

FIG. 2a shows an example of one of the drive units 29a 
described above. The drive unit 29a receives joint reference 
values P. from the path planner 28 of the robot and measured 
values P. for joint positions and/or joint velocities from the 
sensors. The drive unit 29a is configured to calculate refer 
ence values for the torque T of the actuator. The drive unit 
comprises a feed forward loop including a calculation unit 30 
configured to calculate a feed forward torque T for the 
actuator based on join reference values P. from the path 
planner and a mathematical model of the robot, and a feed 
back loop including a feedback controller 31, configured to 
calculate a feedback torque T for the actuator based on 
measured values P. from the actuator and joint reference 
values P. from the path planner. Typically, the mathematical 
model is a kinematic and dynamic model describing the 
robot. 
The drive unit 29a further includes a first summing means 

32 configured to continuously calculate the deviation AP 
between the measured joint values P, and the joint reference 
values P. The calculated deviation AP is fed to the feedback 
controller 31. The drive unit 29a further includes a second 
Summing means 33 configured to continuously calculate the 
reference torque T, for the actuator as the sum of the feed 
forward torque T and the feedback torque T for the actua 
tOr. 

TDTAF-TE 

Accordingly, the difference T between the calculated 
reference torque T, and the calculated feed forward torque 
T is the output T from the feedback controller. 

Tri-To-TFE-TFE 
In this embodiment, the feedback torque T is used for 

monitoring the condition of the robot. 
FIG. 2b illustrates another embodiment of the invention. 

The calculation unit 30b is configured to calculate a second 
feed forward torque T. based on another mathematical 
model of the robot, which more completely describes the 
kinematic and dynamic behaviour of the robot and the posi 
tion reference values P. from the path planner. The differ 
ence Tibetween the reference value for the torque and the 
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feed forward torque is calculated by Subtracting the second 
feed forward torque T from the torque reference values 
Tid. 

TTP-TEF2 
In this embodiment, the difference between the reference 

value T, and the second feed forward torque T is used for 
monitoring the condition of the robot. 

FIG. 3 shows a block diagram illustrating a monitoring 
device 35 for monitoring malfunction of an industrial robot. 
The monitoring device according to the invention is config 
ured to monitor the difference T between the reference 
value for the torque T, of the actuator and the feed forward 
torque T, T, and to determine whether the difference is 
normal or non-normal, and to monitor the condition of the 
robot based thereon. According to one embodiment of the 
invention, the output T from the feedback controller is 
monitored. According to another embodiment of the inven 
tion, the difference between the reference value for the torque 
T of the actuator and the feed forward torque T is calcu 
lated by subtracting the output T from calculation means 
30 from the output T, from the summing means 33. 
The monitoring device 35 is implemented in the control 

system3 as software, hardware, or a combination thereof. The 
monitoring device 35 monitors the condition of the robot 
based on whether the difference between the reference value 
and the feed forward torque is normal or non-normal. A 
deviation parameter K is calculated in the monitoring device 
35 dependent on the difference between the reference value 
for the torque T of the actuator and the feed forward torque 
T. The deviation parameter K is for instance calculated by 
normalizing the difference, or by calculating a logarithm of 
the difference or by processing the difference using any other 
mathematical method. The monitoring device 35 determines 
whether the difference is normal or non-normal. This is for 
instance done by comparing the deviation parameter K with a 
preset reference constant value V representing a maximum 
allowed value of the deviation parameter. Another method to 
determining whether the deviation is normal or non-normal is 
to detect deviation trends in amplitude distribution and/or 
detect deviation trends in frequency distribution of the devia 
tion parameters K during a period of time. Detecting devia 
tion trends may also be done by calculating a differential 
quotient value between two or more deviation parameters 
Subsequent in time and compare these to a reference differ 
ential quotient value. The deviation parameter K, for instance, 
is monitored shown on a display in order for the operator to 
manually control the condition of the robot. The monitoring 
device 35 is adapted to monitor the deviation parameter, or the 
change in the deviation parameter K during a time period. The 
monitoring device 35 is in this case located in the control 
system. 
The monitoring device 35 is in this case adapted to execute 

an order to the control systems based on the monitored devia 
tion. An example on an order is executing an alarm if the 
deviation is determined to be non-normal, for instance, when 
the deviation exceeds a maximum value. 

The monitoring device 35 may also be located on an exter 
nal computer. The monitoring device may also be adapted for 
manual control Such as transfer of the deviation parameter K, 
or the change in the deviation parameter K during a time 
period to an external interface, such a display or other manual 
control means such as light emitting diodes. 
The monitored condition of the robot is for instance wear of 

the driving components. The detected condition may be slip 
ping in the gears, a greater motor speed/acceleration or a 
greater load then expected. 
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6 
In an embodiment, the monitoring device is adapted to both 

analyse the deviation and to generate an alarm if the differ 
ence between the reference value for the torque T, of the 
actuator and the feed forward torque T is non-normal. For 
instance, the difference, or the deviation parameter K is com 
pared with a maximum value and an alarm is executed when 
the difference, or the deviation parameter K exceeds the 
maximum value. 

In the following, a method for monitoring the condition of 
an industrial robot according to the invention will be 
described. The method is for clarity described for one joint 
controlled by one actuator but it is to be understood that the 
same technique may be used controlling two or more joints of 
the robot at the same time. 

FIG. 4 shows a flow chart illustrating the method for moni 
toring the condition of an industrial robot according to an 
embodiment of the invention. The method according to the 
present invention may be implemented as Software, hard 
ware, or a combination thereof. The method comprises the 
following steps: 

Reference values T, for the actuator are continuously 
retrieved from the summing means 32, block 41. Feed for 
ward torques T are continuously retrieved from the calcu 
lation means 30, block 42. The differences between the ref 
erence values for the torques T, and the feed forward torques 
T are continuously calculated, block 44. Thus, the differ 
ences between the reference values for the torque T, of the 
actuator and the feed forward torques T are continuously 
monitored. The differences between the torque reference val 
ues and the feed forward torques are then analyzed, and it is 
determined whether the difference is normal or non-normal, 
block 46. Based on the analysis of whether the differences 
between the reference values for the torque T, and the feed 
forward torques T is normal or non-normal, the condition 
of the robot (48) is monitored, block 48, for instance, shown 
on an external display or in the control system. 
The difference between the reference value for the torque 

T of the actuator and the feed forward torque T is in one 
embodiment further processed and a deviation parameter Kis 
calculated dependent on the calculated difference. The devia 
tion parameter K, for instance, is calculated by normalizing 
the difference or by calculating a logarithm of the difference. 
The deviation parameter Kis, for instance, analyzed by com 
paring the deviation parameter K with a preset reference 
constant value V representing a maximum allowed value of 
the deviation parameter. The deviation parameter may also be 
analysed by detecting deviation trends in amplitude distribu 
tion and/or deviation trends in frequency distribution on the 
deviation parameter K during a period of time. A large devia 
tion indicates a change in the values representing the 
mechanical properties of the robot. 

These steps can be carried out in the control system of the 
robot or in an external computer. The differences between the 
reference values for the torque T, of the actuator and the feed 
forward torques T are continuously calculated and moni 
tored so that the condition of an industrial robot is continu 
ously monitored. 

Further based on the monitored condition the control sys 
tem can be adapted to execute orders to the control system, 
Such as executing an alarm when the deviation is determined 
to be non-normal. Due to limited computer capacity of the 
control system it is advantageous to transfer the difference or 
the deviation parameter K to an external computer executing 
the methods according to the invention. 

FIG. 5 shows an example diagram viewing how the devia 
tion parameter may vary over time. A maximum value V for 
the deviation parameter is set in the diagram. This figure 
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shows the robot performance when the robot performance is 
non-normal, and the deviation exceeds the preset maximum 
value. 

The invention claimed is: 
1. A method for monitoring a condition of an industrial 

robot comprising a plurality of links movable relative to each 
other, and a plurality of actuators controlling movements of 
the links, the method comprising: 

calculating a feed forward torque for at least one of the 
actuators based on reference values for a position of the 
actuator and a mathematical model of the robot, 

calculating a feedback torque for the actuators based on 
measured values from the actuators and said reference 
values for the position of the actuator, 

calculating a reference value for a torque of the actuator at 
least based on said feedback torque, 

monitoring a difference between the reference value for the 
torque of the actuator and the feed forward torque, and 

determining whether the difference is normal or non-nor 
mal, and based thereon monitoring the condition of the 
robot. 

2. The method according to claim 1, further comprising: 
calculating a difference between the reference value for the 

torque of the actuator and the calculated feed forward 
torque, and 

monitoring the calculated difference. 
3. The method according to claim 1, further comprising: 
monitoring the calculated the feedback torque and 
determining whether the feedback torque is normal or non 

normal. 
4. The method according to claim 1, wherein said moni 

tored condition of the robot comprises wear of driving com 
ponents of the robot. 

5. The method according to claim 4, wherein said driving 
components comprises any of motors, motor gears, bearings, 
axes, and brakes. 

6. The method according to claim 1, further comprising: 
generating an alarm when said difference exceeds a maxi 
mum value. 
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7. The method according to claim 1, further comprising: 
calculating a deviation parameter based on the difference 

between the reference value for the torque of the actuator 
and the feed forward torque, the deviation parameter 
being a measure of the condition of the performance of 
the robot. 

8. A device for monitoring a condition of an industrial 
robot, said robot comprising a plurality of links movable 
relative to each other, actuators controlling movements of the 
links, a path planner adapted to calculate reference values for 
a position of the actuators, and at least one drive unit calcu 
lating reference values for the torque of the actuators, the 
drive unit having a feed forward loop calculating a feed for 
ward torque for the actuator based on said reference values for 
the position of the actuator and a mathematical model of the 
robot, and a feedback loop calculating a feedback torque for 
the actuator based on measured values from the actuator and 
said reference values for the position of the actuator, wherein 
the device is configured to monitor the difference between the 
reference value for the torque of the actuator and the feed 
forward torque, to determine whether said difference is nor 
mal or non-normal, and to monitor the condition of the robot 
based thereon. 

9. The device according to claim 8, wherein the device is 
configured to calculate the difference between the reference 
value for the torque of the actuator and the feed forward 
torque, and to monitor the calculated difference. 

10. The device according to claim 8, wherein the device is 
configured to monitor the calculated the feedback torque and 
to determine whether the feedback torque is normal or non 
normal. 

11. The device according to claim8, wherein said device is 
adapted to generate an alarm if said difference is non-normal. 

12. The device according to claim8, wherein said device is 
adapted to calculate a deviation parameter based on the dif 
ference between the reference value for the torque of the 
actuator and the feed forward torque, which parameter is a 
measure of the condition of the performance of the robot. 

k k k k k 


